Stock market has become a crucial financing channel for firms nowadays. As an important dimension of the characteristics of stock market, how will stock liquidity affect firm innovation? What are the underlying mechanisms? Those questions need to be explored further. Using Chinese non-financial A-share listed companies which had disclosed R&D expenditures in year 2006 to 2016 as the study sample, this paper investigates the effect of stock liquidity on firm innovation. The result shows that stock liquidity has a significant and positive effect on firm innovation. My finding is supported by additional test using Heckman sample selection model and several robustness tests. Further analysis shows that stock liquidity improves firm innovation by reducing financing constraints and increasing agency costs. This paper deepens the research on firm innovation from the perspective of market microstructure and owns implication for the government to encourage investment in R&D and will lead to develop multi-tiered capital markets.
My study has the following contributions: (i) this paper provides one more new empirical evidence on the economic consequences of stock liquidity; (ii) in order to make my study more in line with the characteristics of Chinese financial market (Investors in Chinese financial market are more likely to pursue short-term interests) and the Chinese firm's conditions (Chinese firms are facing severe external financing constraints and internal governance deficiencies), I examine the possible underlying mechanisms: financing constraints mechanism and agency costs mechanism. Thus, the study's findings should be more robust and valid.
The remaining part of this paper is organized as follows. In Section 2, after theoretical analysis and logical reasoning, I make my hypotheses; Section 3 presents research design and variable description; Section 4 reports basic empirical result; Section 5 provides additional evidence and makes robustness tests; Section 6 makes further mechanism tests; and Section 7 summarizes the conclusions and policy implications.
Motivation and Testable Hypotheses
The liquidity of the stock is the ability of the market to carry out the stock exchanges at a reasonable price. Recent studies have shown that stock liquidity is closely related to the internal factors of a firm. Cheung, Chung, and Fung (2015) find that stock liquidity affects corporate governance by affecting the proportion of institutional investors. Xiong and Su (2014) find that the stock liquidity alleviates firms' underinvestment and restrain overinvestment. Xiong and Su (2016) find that stock liquidity can reduce the agency costs by using the stochastic frontier model. As one kind of firm investment, innovation investment not only has general characteristics as other kinds of investment, but also has its own characteristics. Like other investments, innovation investment is also affected by financing constraints, agency costs and other factors in the firms' level. At the same time, since its high risk, strong asset specificity and long cycle characteristics, innovation investment has more uncertainty. Schumpeter's innovation theory suggests that credit system is the economic condition for entrepreneurs to achieve innovation, and the establishment of capital market is the foundation for innovation. As part of the capital market, the stock market is bound to affect the innovation activities of a firm. As an important characteristic of stock market, the stock liquidity may be one of the important factors that affects the innovation activities of a firm.
According to the existing researches and theories, I find that the stock liquidity may affect the firm's innovation through the following ways.
First of all, stock liquidity may affect the firm's innovation through the financing constraint mechanism. Innovation activities require huge initial capital investment. Additionally, subsequent formation of new ideas, new product concept, and new product development all require more investment. Yet, the supply of internal fund is limited and unstable, there is a need for external financing to access sufficient funds. On one hand, there are many uncertainties in the process of innovation activities, and the risk of failure is high. On the other hand, since innovation can be easily imitated, the innovation activities of firms are confidential, and firms are not willing to disclose their innovation ideas. Thus, the investment process is highly asymmetric. External investors are not fully aware of the possibility of the success of the innovation investment. Since the complexity of research and development, even if some details are disclosed, external investors may not be able to make full use of the information disclosed to make a trade-off between risk and return. In addition, the high level of asset specificity and huge funds inputting in human capital and intangible assets lead to the lack of financing guarantees. These factors lead to higher financing cost of firm innovation activities, and high degree of external financing constraints, which is quite unfavourable to firm innovation. Zhang, Lu, Zheng, and Chen (2012) , Lu, Zheng, and Li (2013) , Liu, Lin, Shun, and Chen (2015) , Chen and Wang (2016) all find that financing constraints have a significant negative effect on R&D investment of firms.
The liquidity premium theory which was put forward by Amihud and Mendelson (1986) , suggests that high liquidity can reduce capital cost. In addition, the reduced information asymmetry resulted by high stock liquidity will also ease the financing constraints. Those analyses above suggest that high stock liquidity may positively affect firm innovation through the financing constraints mechanism.
Secondly, stock liquidity may affect the firm's innovation through the agency costs mechanism. The separation of ownership and management leads to the principal-agent problem. Executives tend to build personal empire through overinvestment. The agency problem exists in the innovation investment too. On one hand, for their own interests, executives tend to reduce investment in projects with long term and high risk, such as innovation projects. Lv (2014) , Luo, Li, and Chang (2014) find that agency costs affect firm innovation negatively. On the other hand, the motivation of building "Enterprise Empire" and controlling more resources to gain more personal interests will also impel executives to overinvest. In addition, innovation investment can act as a means to profit budgeting (Liu, 2007) . Liu et al (2015) find there is a significant positive correlation between agency costs and R&D investment. Those suggest that the agency problem can affect firm innovation.
Stock liquidity can affect agency costs. On one hand, when stock liquidity is high, executives tend to reduce opportunism behaviours in order to reduce the adverse impact by the change of liquidity on their income. At the same time, the increase of liquidity reduces information asymmetry and strengthens the supervision of the executives by external investors. But on the other hand, the higher liquidity means the lower transaction cost of the selling stocks. Large shareholders and institutional investors are more likely to exit the company (Bhide, 2004) . Stock markets tend to pursue short-term interests. This feature is more significant in the Chinese stock market. When the stock liquidity is high, shareholders are more likely to pursue short-term return rather than supervising the behaviours of the executives. On the contrary, when the stock liquidity is low, there is an exit barrier which may lead to "forced supervision". Those analyses suggest that high stock liquidity may affect firm innovation through the agency costs mechanism, while it cannot be sure that whether the effect is negative or not.
While the above analyses suggest that stock liquidity could have ambiguous effect on firm innovation, I make predictions based on the overall weight of the empirical evidence. My hypotheses are as follows: H1: Firm with higher stock liquidity have a higher level of innovation.
H2: Firm with higher stock liquidity have a lower level of innovation.
Research Design

Innovation Measures (LNRD/RDIN)
There are two kinds of methods to measure a firm's innovation: R&D expenditures and patenting activity. These two measures have their own merits and demerits. R&D expenditures only measure the input aspect of a firm's innovation, but it is more directly related to the firm's characteristics. Patenting activity can measure the innovation output and efficiency but it is affected by far more uncertain factors than R&D expenditures. In this paper, I will analyse the impact of management behaviour on the firm innovation. Compared with innovation input, innovation output is less directly controlled by the firm management. Therefore, for the purposes of my paper, I choose R&D expenditures to measure innovation. Here I adopt three kinds of methods to measure R&D expenditures: LNRD which is the natural logarithm of R&D investment, RDIN which is the ratio of R&D investment and revenue, and RDTA which is the ratio of R&D investment and total assets. Among them, RDTA is a variable for robustness test.
Liquidity Measures (LIQ)
Considering the availability and cost of data and comparing the merits and demerits of many stock liquidity measures, I use the following 5 methods to measure stock liquidity:
(1) Proportions of Zero Return Days Proportions of Zero Returns Days (denoted as ZERO) is a measure of stock illiquidity developed by Lesmond, Ogden, and Trzcinka (1999) . The formula is:
where is the number of days with zero returns for stock i in a year, is the number of trading days for stock i in year t.
(2) Liu's Indicator Liu (2005) defined a new liquidity measure (denoted as LIU) of a security. It measures many dimensions of liquidity and emphasizes the transaction speed which is ignored by many liquidity indicators. The formula is:
where is the number of days with zero daily volumes in prior x months, − is the turnover over the prior x month, which is calculated as the sum of daily turnover over the prior x months. is the number of trading days in the market over the prior x months.
acts as an adjustment which is chosen such that
Return Reversal Indicator (denoted as GAM) is developed by Pastor and Stambaug (2003 
where , , is the return on stock i on day d in month t. , , is the excess return, which is the difference between stock return and market return: , , = , , − , , , , , is the return on the Chinese-A-share value-weighted market return on day d in month t. , , is the trading volume for stock i on day d in month t. GAM is the absolute value of , . For a given trading volume, the lower the stock liquidity, the greater the possibility of return reversal.
(4) Amihud Illiquidity Ratio
Amihud illiquidity ratio (denoted as AMIHUD) is developed by Amihud. The formula is:
where is the number of trading days for stock i in year t, is the return on stock i on day d in year t, is the trading volume for stock i on day d of year t. | |/ is the ratio which gives the price change per unit of daily trading volume, or the daily price impact of the order flow.
(5) Amihud Square Root Indicator
To reduce the effect of the extreme numerical values when using the Amihud illiquidity ratio, in this paper, I also use the Amihud square root indicator (denoted as AMIHUDSR) to measure stock illiquidity. The formula is:
where is the number of trading days for stock i in year t, is the return on stock i on day d in year t, is the trading volume for stock i on day d of year t.
Other Variables
I choose the widely used ratio of administrative expenses to total asset as the proxy for the agency problem and the asset-liability ratio as the proxy for financial constraints.
In order to control for those firm and industry characteristics that may affect a firm's innovation, following the current literatures on innovation, I include several control variables: firm's age, capital expenditure ratio, size, return on equity ratio, Tobin's Q, fixed assets, executives share, executive compensation, market competition, employee, Lerner index, intangible assets, cash flow, cash stock, liquidity ratio, ownership concentration indicator. In detail, firm's age is the natural logarithm of age. Capital expenditure ratio is the ratio of capital expenditures to total assets. Size is the natural logarithm of total assets. Return on equity ratio is the ratio of net profits to equity. I calculate the Tobin's Q as the ratio of market value of equity to total assets. Fixed asset is the ratio of net property, plant and equipment (PPE) to total assets. Executives share is calculated as shares holding by executives divided by total share. Executive compensation is calculated as the natural logarithm of the sum of the top three executives' compensations. Market competition is calculated as selling expenses divided by revenue. Employee is the number of employees. Lerner index is calculated as: (operating income -operating costs the cost of sales management fees) / operating income, to measure the market structure. Intangible assets is the ratio of intangible assets to total assets. Cash flow is the ratio of operating-activity cash flow to fixed asset. Cash stock is the ratio of cash to fixed assets. Liquidity ratio is current assets divided by current liability. Ownership concentration indicator is the sum of the squares of the top 5 executives' shareholding proportion. In addition, industry and yearly fixed effects are controlled in the model.
Model Design
In order to analyse the relationship between stock liquidity and firm R&D investment, I construct the following regression model:
where is the natural logarithm of R&D expenditures, is the ratio of R&D expenditures to revenue.
is the stock liquidity of stock i in year t. is control variable.
Data and Descriptive Statistics
Before 2006, only few firms disclosed R&D expenditures in China. Therefore, I set my study period from 2006 to 2016. Sample selection is based on the following criteria: (i) firms in the financial sectors are excluded; (ii) firms with incomplete data are excluded. All data are obtained from the database and sub database of CSMAR and Wind about the Chinese-A-share listed firms. In order to mitigate the effect of extreme values, I use Stata13.1 to winsorize major variables by 1% and 99% before regression. Table1 shows the descriptive statistics and the definitions of each variable.
Empirical Result
I first apply the OLS method in my regression. Table 2 reports the regression results.
In Panel A, the dependent variable is LNRD. Independent variables are Proportions of Zero Return Days, LIU's Indicator, Return Reversal Indicator, Amihud Illiquidity Ratio, Amihud Square Root Indicator in columns (1) to columns (5) respectively. The coefficients on all five illiquidity measures are negative and both economically and statistically significant. Among them, the coefficients on LIU, GAM, AMIHUD and AMIHUDSR are significant at the 1% level. Panel B of table 2 reports the regression results with the dependent variable replaced by RDIN. The coefficients on four illiquidity measures are negative and both economically and statistically significant. This suggests that firms with greater stock liquidity have a higher innovation level. H1 is supported.
To control the influence of the unobservable factors at the firm level, I also apply the fixed effect regression method. 
Additional Evidence and Robustness Tests
While the tests in section 4 are suggestive of a role for stock liquidity in the firm innovation, they are likely suffering from endogeneity concern that results from self-selection bias. In this section, I try to address this concern by applying the Heckman two-stage model. In addition, I run several robustness checks.
Heckman Two-stage Model
In this subsection, I examine whether my results are robust after correcting for the possible endogeneity that results from self-selection bias by applying the Heckman two-stage model.
The data of R&D expenditures is limited to those firms that have disclosed their R&D expenditures. Thus, the estimation results may only suggest the correlation between firm innovation and stock liquidity in those firms. Therefore, in order to control the estimation bias resulted from sample selection bias, I use the Heckman two-stage regression model.
The Heckman two-stage regression model includes two regression equations, one is the principal equation which is for the estimation of the correlation between stock liquidity and firm innovation, and the other one is the equation for sample selection. The sample selection equation is used to estimate the possibility of firm's disclosure of R&D expenditures and its dependent variable is a dummy variable IFSEE (whether the firm disclose R&D expenditures). In addition to all the control variables in the main equation, there is one more control variable in the sample selection equation: a dummy variable HIGHTECH (whether a firm belongs to the high technology industry). I choose the maximum likelihood estimation approach (MLE) in my regression. Table 4 presents the results when the dependent variable is LNRD. The last row of the table reports the results of Wald test. It can be seen that there indeed exists sample selection bias. The coefficients on LIU, GAM, AMIHUD and AMIHUDSR are negative and both economically and statistically significant. This suggests that the positive relationship between stock liquidity and firm innovation is still robust even after controlling self-selection bias. Because the table is too long, the regression result of the model which uses RDIN as the dependent variable is not reported here. The regression result is consistent with the regression result of the model which uses LNRD as the dependent variable.
Robustness Tests
In order to check the reliability of my study findings, I run several robustness tests. Firstly, I use the ratio of R&D expenditures to total asset (RDTA) as an alternative measure of firm innovation. Secondly, I delete control variables such as industry, and year variables. Thirdly, I take regression analysis by using a different sample. My study period in section 4 and section 5 is from 2006 to 2016 which includes several major events such as the reform of the shareholder structure of the Chinese market, reform of stock market stamp tax and global financial crisis. In order to reduce the potential bias, in this robustness test I study the period from 2009 to 2016. The alternative regression results (not presented) show that the primary study findings do not change substantially. Thus, my study results are robust in general. 
Mediating Effects
The analysis in section 4 and 5 suggest a positive relationship between stock liquidity and R&D investment. In this section, I will further analyse the hypothesized mechanisms through which stock liquidity may enhance firm innovation according to my theoretical analysis: financing constraints mechanism and agency costs mechanism. It's difficult to provide definitive proof, so my tests are only suggestive. I construct the following mediating effect model to examine the mediating effects of the financing constraints mechanism and the agency costs mechanism. 
where is the natural logarithm of R&D expenditures, is the ratio of R&D expenditures to revenue, is the stock liquidity of firm i in year t, are the control variables, are the mediating variables. The analysis process includes the following five steps (Wen and Ye, 2014): Step one is estimating equation (9). If 1 is statistically significant, it indicates that the stock liquidity affects the firm innovation;
Step two is estimating equation (10) and (11). If the coefficient 1 in equation (10) and coefficient 2 ′ in equation (11) are both statistically significant, skip the step three and step four and go directly to the step five; If one or both of the coefficient 1 and coefficient 2 ′ are not statistically significant, continue the step three;
Step three is testing the significance of 1 2 ′ by using the Bootstrap approach. If it is not significant, it indicates that the mediating effect is not significant. If it is significant, go to the next step;
Step four is testing the significance of 1 ′ . If it is not significant, it indicates that there is only direct effect instead of mediating effect. If it is significant, continue to the next step;
Step five is comparing 1 2 ′ and 1 ′ . If they have different sign, it indicates that there is masking effect.
If they have the same sign, it suggests that the mediating variable may be an underlying mechanism through which stock liquidity enhances firm innovation.
Financial Constraints
Because of the limited and unstable supply of internal funds and the high-level asset specificity and information asymmetry of innovation activities, it is more likely to be affected by external financing constraints. High stock liquidity may positively affect firm innovation through the financing constraints mechanism, thus providing more external funds to innovation activities.
Considering that the higher the stock liquidity, the lower the financing cost, and firms more likely to increase equity financing which would lower the financial leverage (Lipson & Mortal, 2009; Gu & Chen,2009 ), I use the capital structure (asset-liability ratio) as the proxy of financial constraints to test the financial constraint mechanism. 
Agency Costs
The agency problem exists in the innovation investment. The motivation of controlling more resources to gain more personal interests can impel executives to overinvest. The liquidity of the stock can affect the agency cost. On one hand, when stock liquidity is high, executives tend to reduce opportunism behaviour in order to reduce the adverse impact by the change of liquidity on their income. But on the other hand, higher liquidity reduces the costs of 'exit' of large shareholders and institutional investors (Bhide, 2004) . On the contrary, when the stock liquidity is low, there is an exit barrier which may lead to "forced supervision".
Panel C of Table 5 reports the regression result of the mediating model which the dependent variable is LNRD and mediating variable is MCOST. 1 , the coefficients on MCOST in equation (10), are positive and both economically and statistically significant, with only one exception that when I use LIU as stock liquidity measure it is negative. It suggests that stock liquidity negatively affects firms' agency cost. 1 in equation (10) and coefficient 2 ′ in equation (11) are both statistically significant. 1 ′ in equation (11) is statistically significant and 
Conclusion
Based on existing literatures, through theoretical analysis and logical reasoning, I hypothesized that stock liquidity can affect firm innovation. By studying Chinese A shares of non-financial listed companies from 2006-2016, this paper analyses the influence of stock liquidity on firm innovation in the Chinese market empirically. The results of basic OLS regression analysis suggest that stock liquidity will enhance firm innovation. To alleviate the endogeneity problem, I then use the Heckman two-stage model. In addition, I analyse the hypothesized mechanisms through which stock liquidity may affects firm innovation. Overall, my study results show that (i) there is a significantly positive relationship between stock liquidity and firm innovation.
(ii) stock liquidity can affect firm innovation through financing constraints mechanism. Higher stock liquidity reduces financing constraints and then enhance firm innovation. (iii) stock liquidity can affect firm innovation through agency costs mechanism. Higher stock liquidity increases agency cost and then enhance firm innovation.
My study results have several policy implications for government to encourage firm innovation. The change of financial market regulations and policies will affect the stock liquidity, and then stock liquidity can affect firm innovation. It suggests that the government should improve the capital market system, accelerate the construction of multi-level capital market system. Stock market regulators should strengthen the regulation of capital market and protect the interests of investors, in order to improve liquidity.
How to make full use of stock liquidity in enhancing firm innovation through alleviating the financing constraints rather than being through increasing agency costs need to be further studied. Besides, it should be pointed out that my study results are based on the listed firms that disclose the R&D expenditures data in China where there are quite unique characteristics of market operation. Therefore, the generality of the study findings should be cautious when making inference to non-listed firms in China or to samples in other countries with substantially different market conditions.
